In order to facilitate easy access to and aid understanding of the causes of haemophilia A at the molecular level we have constructed HAMSTeRS, the third release of the factor VIII mutation database and the first release of this database that may be accessed and interrogated over the internet through a World Wide Web browser. The database also presents a review of the structure and function of factor VIII and the molecular genetics of haemophilia A, a real time update of the biostatistics of each parameter in the database, a molecular model of the A1, A2 and A3 domains of the factor VIII protein (based on the crystal structure of caeruloplasmin) and a bulletin board for discussion of issues in the molecular biology of factor VIII.
INTRODUCTION
The haemostatic protein factor VIII (FVIII) acts as a co-factor in the activation of factor X by factor IXa ( reviewed in 1). The FVIII gene contains 26 exons and spans 186 kb of DNA (2) . Deleterious mutations in the FVIII gene have been demonstrated to either reduce the expression and/or abrogate the activity of the FVIII protein and thus cause haemophilia A (3), an X-linked bleeding disorder affecting ∼1 in 5000 males (4) .
Over the last two years dramatic growth in the number of mutations identified in the FVIII gene has rendered their publication in a database through traditional media increasingly difficult. However, the recent development of electronic publishing, remotely accessible over the Internet, has provided a resource in which the size of the data field, its complexity and its physical location are irrelevant to its publication. Moreover, electronically published data can be searched, changed and updated in real time. This new means of communication thus provides an ideal vehicle through which to publish an interactive database of nucleotide substitutions, deletions, insertions and rearrangements of the FVIII gene.
Since 1990 the pioneering development and dissemination of HTML (HyperText Mark-up Language) Graphical User Interfaces (GUIs) by CERN has driven the evolution of the Internet, from a convoluted text-based method of communication to an intuitive 'point and click' resource utilizing graphics and sound to connect physically remote sites through virtual links (5) . Accessing the internet through a GUI interface, more commonly known as a World Wide Web browser, provides a convenient method for the non-computer specialist to readily access and interrogate the database.
MATERIALS AND METHODS
The HTML script was written on a Silicon Graphics (Mountain View, CA) Indigo Elan R4000 using Web author 1.0 and displayed using the GUI Netscape 1.1N (retrievable via anonymous ftp from the European UNIX archive phoenix.ic.ac.uk). The CGI script was coded in C. Image files were recorded in interlaced, background-transparent GIF format and the largest page contained some 28 k of thumbnails and images, making it easily accessible in a reasonable time via the commonly used 14.4 baud telephone link. The site is served from the UNIX systems of the Hammersmith Hospital through a 100 Mb fibre optic line (URL http://www. hamsters.rpms.ac.uk).
The system was alpha tested against the Mosaic and Netscape 1.0 and 1.1N GUI browsers and the text-based browser Lynx. However, to get the full beneficial effects of graphical links it is recommended that the site be accessed through one of the more modern browsers, such as Netscape 1.1N.
RESULTS
In order to facilitate the easiest possible navigation of the site the architecture of the database was designed to be as simple as possible (see Figs 1 and 2) . All of the functions of the database may be accessed from the top level menu of the home page. To utilize multiple functions the user simply returns to the home page and selects a new function from this menu. 
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DISCUSSION
As an aid to the professional scientist who is unfamiliar with the molecular genetics of haemophilia A the first function presents a review of the field (6). The database itself may be interrogated from the second function. The user is presented with a standard format HTML script multiparameter form. The form is delimited using pull-down menus and direct input. In all of the appropriate parameters the 'wild card' choice (*) may be used to denote the search parameter 'all'. Upon completion the form is automatically sent to the database, which searches for hits against its data field. The database then returns to the user a Web page containing all of the observed hits. This highly flexible system allows the user to search for either a specific nucleotide substitution or all mutants that are consistent with the user-definable search parameters (e.g. all Asn→X mutants in exon 11).
It is now becoming increasingly unusual to publish observations of single nucleotide substitutions, however, paradoxically, with the growth of bioinformatics, the larger the volume of the published database the greater its validity and potential use to the scientific community. The third function in the menu thus allows the user to submit newly defined variants to the database in essentially the same manner as the searches are made. Upon retrieval by other scientists the database will also return the details of the authors of the mutation report, thus allowing citation of the work. The database also contains two parameter fields of date submitted and user remarks. The user can thus search the database for recent mutations and any interesting observations noted for the mutants.
The fourth function in the menu presents a real time update of the biostatistics of each parameter in the database, for example codon usage, per cent CpGs, etc.
The recent elucidation through X-ray crystallography of the structure of caeruloplasmin (7) has allowed the construction of a homologous model of the A1, A2 and A3 domains of FVIII through comparative methods (8) . The fifth function of the menu will email the user the PDB co-ordinates of the model. The model can then be visualized through one of the more complex molecular graphics packages, such as BIOSYM (Biosym Technologies Inc., San Diego, CA) or RIBBONS 2.5 (9) . It is likely, however, that the large Unix workstations necessary to run these packages would not be accessible to all of the users interested in the structural biochemistry of the mutant proteins, particularly since most of these users are members of the molecular genetics community. However, this function also provides a link to the Protein Structure Data Bank (http: www.pdb.bnl.gov/cgi-bin/browse; 10), from where the IBM and Macintosh molecular viewer RasMol can be downloaded to allow viewing of the structure.
It was envisaged that the home page could provide a convenient site for researchers to place or answer FVIII-related questions on a dedicated bulletin board. This capacity is provide by the sixth function of the main menu. Methodological problems, the discussion of novel ideas or any other point that would require a timely response from the haemostasis community could be posted.
Since this new publishing medium is potentially accessible by anyone with a computer, an on-line glossary is provided for the interested lay reader in the seventh function of the menu. It was hoped haemophilia A sufferers could keep up to date with progress in the field or that the home page could act as an educational tool to students.
The site would also welcome additional views and reviews to keep it current with the state of the art.
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